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Available online 14 August 2015AbstractBackground/Objective: The beneficial effects of physical activity (PA) are well known, but it remains challenging to increase PA among
physically inactive and overweight young individuals. The present study aimed to examine how selected psychological and physical charac-
teristics assessed at baseline predict the increase in total PA over a 6-month follow-up among 51 physically inactive and overweight adults (20
women, 31 men; age 26e40 years) who participated in a lifestyle counselling study without supervised PA sessions.
Methods: Baseline measurements included a questionnaire assessment of sense of coherence and psychological flexibility, heart rate monitoring-
based stress/recovery from stress (stress%/recovery% during 24 hours), and body composition. PA volume was elicited through interview.
Participants who increased their PA by  500 metabolic equivalent of task-minutes/week during the follow-up compared with their prebaseline
PA level were regarded as able to increase PA. Logistic regression was used to analyze associations of baseline characteristics with PA increase.
Results: During the 6-month follow-up, 41% of the participants increased their total PA by  500 metabolic equivalent of task-minutes/week.
The best predictors of the increase in PAwere high meaningfulness subscores of the sense of coherence questionnaire (multivariate adjusted odds
ratio 1.57, 95% confidence interval 1.04e2.35) and high recovery% during a day off (odds ratio 1.15, 95% confidence interval 1.02e1.30).
Conclusion: A strong sense of meaningfulness and better recovery from stress predict an increase in PA among physically inactive and over-
weight young adults. Therefore, participants with a low sense of meaningfulness and low recovery from stress may require support from other
interventions to be able to increase their PA.
Copyright © 2015, The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Physical activity (PA) has many health benefits including
reducing the risks of obesity and type 2 diabetes1 and favorably
impacting psychological well-being2 and stress.3 Accordingly;* Corresponding author. Department of Health Sciences, University of
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1728-869X/Copyright © 2015, The Society of Chinese Scholars on Exercise Physiology and F
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).regular PA plays important roles in preventing chronic diseases
and promoting physical and psychological well-being. How-
ever, one third of adults worldwide do not reach the current PA
recommendation4 (i.e.,  150 minutes of moderate intensity
PA weekly).5
Physical inactivity together with increasing prevalence of
being overweight6 predisposes people to increased risk of car-
diometabolic diseases. Thus, healthcare workers and other
professionals strive to increase people's participation in regular
PA. However, this is a challenging goal. Despite exerciseitness. Published by Elsevier (Singapore) Pte Ltd. This is an open access article under the
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or mobile phone/smartphone-based applications), not all phys-
ically inactive and overweight individuals manage to increase
their PA. Therefore, it is important to study the factors that
influence a person's likelihood of starting/increasing their PA
after exercise counselling or other interventions. Such knowl-
edge could help in selecting additional interventions (such as
stress management) necessary to successfully increase PA.
Both physical and psychosocial factors are associated with
successfully increasing PA within populations of physically
inactive and overweight adults. Of the physical factors, older
age,7 male sex,7,8 higher9 or lower7 body mass index (BMI),
and higher physical fitness8 at baseline have been associated
with increased PA observed during follow-up periods within
physically inactive and overweight (or predominantly over-
weight) study populations (with a mean age of around 40e50
years). Psychosocial factors that predict an increase of PA in
these study populations include a higher stage of readiness to
change PA habits,7,9 greater motivation to increase PA, and
higher self-efficacy for PA.9 Higher self-efficacy is also asso-
ciated with an increase of PA in other target groups, e.g.,
among patients with type 2 diabetes10 and arthritis.11 However,
less is known about the factors that predict an increase in PA
among younger overweight and physically inactive adults.
The psychological factor of a strong sense of coherence
(SOC) is also associated with a greater prevalence of PA
among healthy adults12,13 and with higher PA volume in adult
type 1 diabetics.14 A 13-year follow-up study by Myers et al15
showed that a low SOC was associated with decreased
engagement in PA among patients with myocardial infarction.
SOC could also be associated with PA in other target groups,
such as among overweight and physically inactive adults. SOC
reflects psychological characteristics formed from three com-
ponents: comprehensibility (one's ability to understand what
happens around him/her), manageability (the extent to which
one can manage a situation alone or through significant others
in one's social network), and meaningfulness (ability to find
meaning in the situation).16e18 SOC is also associated with
other health-related factors, such as morbidity19,20 and
mortality.21e23
Another potential predictor of PA is psychological flexi-
bility, which reflects an individual's willingness to endure
negative private events (e.g., discomfort during physical ac-
tivity), acceptance of these events, and ability to live according
to his/her values. A person with greater psychological flexi-
bility usually also shows higher acceptance skills and less
experiential avoidance.24 It is suggested that psychological
flexibility is associated with health-related benefits, while
psychological inflexibility is considered to be associated with
psychopathology.25 For example, high psychological flexi-
bility has been reported to be associated with better chronic
pain management26 and fewer symptoms of disordered
eating.27,28 Additionally, physically active adults show better
mindfulness skills (a component of psychological flexibility)
than less physically active adults.29 This suggests that high
psychological flexibility might also be associated with an in-
crease of PA.Stress may also be an important determinant of PA. Pro-
spective studies show that psychological stress predicts less
PA/exercise or more sedentary behaviour.30 High job strain is
also a risk factor for leisure time physical inactivity.31 Both
positive and negative stress may cause physiological alter-
ations in the body. Stress can influence heart rate variability
(HRV), with higher effort at work associated with lower
daytime HRV, and lower levels of perceived stress at work
associated with higher HRV during work time.32 The associ-
ation between perceived stress and reduced PA raises the
question of whether objectively measured stress is also asso-
ciated with PA.
The present study aimed to investigate how selected psy-
chological (SOC and psychological flexibility) and physical
(body composition, objectively measured stress, and recovery)
factors measured at baseline predict an increase in PA among
physically inactive and overweight healthy young adults dur-
ing an intervention study without supervised PA sessions.
MethodsStudy designThe present investigation is part of the Body and Future
Health study, which aims to examine the effects of indepen-
dently executed lifestyle changes (nutrition and PA) on body
composition and metabolic and psychological stress (see
www.controlled-trials.com/ISRCTN92130721/kujala). The
complete project is a randomized controlled trial with four
experimental groups (Appendix Figure 1): mini-intervention,
mini-intervention þ electronic fitness coach, mini-
intervention þ whey protein drink, and control. Briefly, the
mini-intervention included simple instructions for improving
nutrition (e.g., “eat regularly”, “avoid sugar”) and increasing
PA (“perform relaxing and enjoyable exercise daily”). PA
advice was based on PA recommendations for healthy adults:
 150 minutes moderate intensity or 75 minutes vigorous
intensity exercise weekly.5 Control participants were informed
about the study aims but not instructed to make any specific
lifestyle changes (although they were not advised to avoid
lifestyle changes). The electronic fitness coach and whey
protein drink are explained briefly in Appendix Figure 1.
The intervention period lasted 6 months. Laboratory and
real-life measurements were performed at baseline (before
starting the intervention), mid-intervention (at the 3-month
follow-up), and following completion of the intervention
(at the 6-month follow-up). PA during the past 3 months was
ascertained via a detailed interview at baseline (prebaseline
3-month PA level) and at the 3- and 6-month follow-up
visits.
Preliminary analyses revealed no between-group differ-
ences in increases in PA. Therefore, in the present substudy,
we examined individuals from all four study groups together
using study group information as a covariate. Increase in PA
(compared to prebaseline PA level) was assessed for the whole
6-month follow-up and predictors of increases in PA were
obtained from the baseline measurements.
65S. Mutikainen et al. / Journal of Exercise Science & Fitness 13 (2015) 63e71ParticipantsInclusion criteria for the study were as follows: age 25e40
years, BMI 25.0e35.0 kg/m2, waist circumference of  80 cm
(women) or  94 cm (men), able to tolerate lactose-free milk
products, access to the internet, and not exercising vigorously
(> 20 minutes per session) more than twice a week. Exclusion
criteria were: chronic disease requiring regular medication,
other regular medication (except for contraceptive drugs),
abnormal electrocardiogram, pregnancy or planning preg-
nancy during the next 12 months, < 12 months postpartum,
milk allergy, eating disorder, bodybuilding, smoking/snuffing,
heavy alcohol use (> 3 drinks/day), drug use, and weight
change of > 5 kg during the previous 6 months.
A total of 121 individuals were initially recruited. A tele-
phone interview found 35 to be ineligible and 15 declined to
participate. Thus, 71 individuals were invited to undergo
laboratory measurements. Withdrawals and additional exclu-
sions based on laboratory measurements left 66 participants
(29 women and 37 men) eligible for the study (Appendix
Figure 1). Four individuals were excluded from statistical
analyses due to medical problems that emerged during the 6-
month follow-up (not related to intervention), and 11 in-
dividuals (16.7%) were lost to follow-up. The final number of
participants analyzed was 51 (20 women and 31 men).
The study was conducted according to the ethical rules
stated in the Declaration of Helsinki. All participants were
informed about the study and signed a written informed con-
sent prior to any measurements. The study plan was approved
by the ethics committee of the Central Finland Health Care
District.Assessment of outcomeThe outcome variable was an increase in total PA across the
6-month follow-up as a dichotomous variable (yes/no). Base-
line and both follow-up visits included interviews in which a
modified version of the Kuopio Ischemic Heart Disease Risk
Factor Study Questionnaire33 was used to retrospectively elicit
the participant's PA level over the previous 3 months including
leisure time, daily (nonexercise activities, e.g., gardening), and
commuting PA. Participants were asked to state the monthly
frequency and average duration of each form of activity, as well
as the average intensity of each activity using the following
descriptions: the activity resembles “outdoors activities”, “light
PA”, “moderate PA”, or “strenuous/competitive PA”. The re-
ported intensities were then converted to multiples of the
resting metabolic rate [metabolic equivalent of task (METs)].
The 3-month MET-index for each form of PA was calcu-
lated by multiplying the activity intensity (MET) by the ses-
sion duration (minutes) and monthly frequency. The resulting
indices were summed to obtain a 3-month total PA MET-
index. Activity volume was expressed as METminutes/week.
The 6-month total PA MET-index was calculated as the
average of the 3-month MET-indices from the 3- and 6-month
follow-up visits. This index describes the volume of total PA
over the whole 6-month follow-up.The increase in total PA during the 6-month follow-up was
calculated as the difference between the 6-month and pre-
baseline 3-month MET-indices. Participants were considered
able to increase PA if they showed an increase of  500
METminutes/week (corresponding to 150 minutes moderate
intensity or 75 minutes vigorous intensity PAweekly, which is
the current PA recommendation for healthy adults5 and is
regarded as the minimum volume of PA required to induce
health-related benefits) compared with the prebaseline level,
while those who increased PA by < 500 METminutes/week
were considered unable to increase PA. As mentioned earlier,
participants were required to not exercise vigorously for > 20
minutes per session more than twice a week at study inclusion.
At baseline, the participants showed a mean (± standard de-
viation) of 103 ± 204 METminutes/week (10 ± 20% of the
total PA) vigorous PA, 272 ± 421 METminutes/week
(29 ± 30% of the total PA) moderate PA, and 375 ± 430
METminutes/week (38 ± 31% of the total PA) moderate-to-
vigorous PA. Thus, most of the PA at baseline comprised of
light intensity PA. The participants who were able to increase
their total PA during follow-up (500 METminutes/week)
were those who increased their moderate and/or vigorous PA
in accordance with the recommendation for health-enhancing
PA.Assessment of predictorsSOC was assessed using Antonovsky's 13-item Sense of
Coherence Scale (SOC-13).16e18 Each item is answered on a
seven-point Likert scale ranging from “never” to “very often/
always”. The resulting total sum score ranges from 13 to 91,
with a higher total score associated with a stronger SOC. In
this scale, the total SOC score is formed from three compo-
nents: comprehensibility (one's ability to understand what
happens around him/her), manageability (the extent to which
one can manage a situation alone or through significant others
in one's social network), and meaningfulness (ability to find
meaning in the situation). Subscores can be calculated sepa-
rately for the three components of the SOC (comprehensibility
subscore, range 5e35; manageability subscore, range 4e28;
and meaningfulness subscore, range 4e28) and are interpreted
in the same manner as the total score.
Psychological flexibility was measured using the Accep-
tance and Action Questionnaire (AAQ-II),24 which measures
experiential avoidance. The AAQ-II is an index of the par-
ticipant's willingness to endure negative private events,
acceptance of these events, and whether he/she can live ac-
cording to his/her values. The AAQ-II comprises 10 items with
seven response options ranging from “never true” to “always
true”. The total summed score ranges from 10 to 70, with a
higher score indicating greater psychological flexibility, e.g.,
higher acceptance skills and less experiential avoidance.
Stress and recovery from stress were estimated based on
heart rate (HR) and HRV.34e39 HR and HRV were recorded in
the course of normal everyday life during 2 workdays and 1
day off from work (altogether 72 hours) using a Bodyguard-
device (Firstbeat Technologies Ltd., Jyv€askyl€a, Finland).
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analyzed using the program Firstbeat Analysis Server, version
5.3.0.4, which calculates HRV indices second-by-second using
the short-time Fourier transform-method, as well as HR- and
HRV-derived variables of respiration rate and oxygen con-
sumption using neural network data modeling. The program
also calculates second-by-second indices of stress and recov-
ery, reflecting activities of the sympathetic (absolute stress
vector; ASV) and parasympathetic (absolute relaxation vector;
ARV) nervous systems. ASV is calculated from the HR, high
frequency power, low frequency power, and respiratory vari-
ables. ASV is high when HR is elevated, HRV is reduced, and
there are inconsistencies in the HRV frequency distribution
due to changes in respiratory period. ARV is calculated from
HR and high frequency power, and is high when HR is near
the basic resting level and when HRV is great and regular.
These variables can be used to detect different physiological
states of the body, including stress state, recovery state, and
physical activity.34e39
For nonexercise data segments, continuous indices of stress
(ASV) were used to identify when the body was in a stress
state defined as increased activation of the body with dominant
activity of the sympathetic nervous system and decreased ac-
tivity of the parasympathetic system. Stress can be induced by
both external and internal stressors, and the stress state defi-
nition does not account for the nature of the stress response,
i.e., positive or negative. However, continuous indices of re-
covery (ARV) identify when the body is in a recovery state
defined as decreased activation of the body during recovery,
rest, and/or peaceful working. This state is related to a lack of
external and internal stressors, and parasympathetic activation
is dominant.34e39
Stress- and recovery-related variables (stress% and recov-
ery%) were determined for each 24-hour period, separately for
the workdays and day off from work. For workdays, the mean
of both days was calculated. Stress% during workdays de-
scribes the percentage of stress time during working, leisure,
and sleeping time. Stress% during the day off describes the
percentage of stress time during both waking and sleeping
time. Recovery% was determined similarly for workdays and
the days off. During the measurement period, participants
were asked to complete a diary, recording information about
working hours, sleeping time, PA, and psychologically
stressful situations.
Other studies have reported the validity and accuracy of the
R-R interval-derived parameters utilized here.39 Uusitalo
et al32 reported that higher work effort was associated with
lower daytime HRV and recovery%. Additionally, lower
perceived stress at work was associated with higher HRV
during work time, and higher perceived irritation at work was
associated with lower night- time HRV. Teisala et al34 reported
that objectively measured stress at work was associated with
subjective occupational burnout symptoms.
The presently used method to assess stress and recovery has
some strengths compared with other objective measurement
tools. One such strength is its ability to separate PA from other
stress factors. It also enables individual analysis of both stressand recovery.39 Compared with subjective stress assessment
methods (e.g., questionnaires or interviews), objective mea-
sures may reveal physiological stress reactions in situations
even when the person does not perceive stress.
Anthropometric measurements included height, weight, and
waist circumference. Waist circumference was determined as
the mean of three measurements taken from mid-way between
the lowest ribs and the top of the iliac bones after a light exha-
lation. BMI was calculated by dividing weight in kg by height
squared in m. Body composition (including whole-body fat%)
was assessed with dual-energy X-ray absorptiometry (Prodigy,
GE Lunar Corp., Madison, WI, USA). Picture handling and
analysis was performed using enCORE 2009, version 13.20.
Anthropometric measurements and body composition assess-
ment were performed after fasting for 10e12 hours.Statistical analysisDescriptive data for continuous variables were calculated as
mean ± standard deviation. Mean differences were analyzed
using an independent samples t-test and analysis of variance
for parametric variables, and the Mann-Whitney U-test and
Kruskal-Wallis test for nonparametric variables. A Chi-square
test was used to compare proportions. Associations between
baseline characteristics and increase in PA were investigated
using binary logistic regression analysis to obtain an odds ratio
(OR) and 95% confidence interval (CI). First, an unadjusted
analysis was performed for each baseline characteristic.
Thereafter, the analyses were adjusted for age, sex, study
group, prebaseline 3-month total PA MET-index, and BMI
using the enter method. All p values were two-sided and
p < 0.05 was considered to denote statistical significance. Data
were analyzed using IBM SPSS Statistics 20 (SPSS Inc.,
Chicago, IL, USA).
Results
Table 1 presents baseline characteristics for all participants
and according to increases in total PA (yes vs. no) throughout
the 6-month follow-up. Baseline characteristics did not signif-
icantly differ between the study groups e except the manage-
ability subscore of the SOC-13 questionnaire, which was
significantly higher ( p¼ 0.02) in the mini-interventionþwhey
protein group (21.4 ± 2.8 points) compared with the control
group (18.2 ± 3.0 points).
During follow-up, 21 participants (41%) increased their
total PA by  500 METminutes/week (1186 ± 506 METmi-
nutes/week), while 30 participants (59%) did not (41 ± 497
METminutes/week) ( p < 0.001). The proportion of partici-
pants showing a total PA increase did not differ with study
groups or sex.
The best predictors of an increase in total PA across follow-
up were HR monitoring-based recovery% during the day off
and the meaningfulness subscore of the SOC-13 questionnaire
(Table 2). Multivariate-adjusted analysis (adjusted for age,
sex, study group, prebaseline 3-month total PA, and BMI)
showed that greater likelihood of increasing total PA was
Table 1
Baseline characteristics for all participants and according to increases in total physical activity of  500 METminutes/week throughout the 6-month follow-up.
Characteristic All participants (n ¼ 51) Increase in total physical activity of  500 METmin/wk p
Yes (n ¼ 21) No (n ¼ 30)
Sex 0.47
Men, n (%) 31 (60.8) 14 (66.7) 17 (56.7)
Women, n (%) 20 (39.2) 7 (33.3) 13 (43.3)
Age (y) 34.1 ± 4.2 33.0 ± 4.7 34.8 ± 3.8 0.18
Height (cm) 174.3 ± 10.8 174.1 ± 11.9 174.4 ± 10.2 0.94
Weight (kg) 87.4 ± 12.0 89.2 ± 13.1 86.4 ± 11.3 0.45
Body mass index (kg/m2) 28.6 ± 2.5 29.1 ± 2.5 28.4 ± 2.5 0.38
Waist circumference (cm) 99.6 ± 8.8 99.4 ± 9.9 99.7 ± 8.1 0.28
Whole-body fat% 33.8 ± 8.2 32.5 ± 9.5 34.6 ± 7.2 0.34
3-mo total physical activity (METmin/wk)a 1003 ± 703 782 ± 490 1158 ± 791 0.06
SOC-13b total score (range 13e91) 65.0 ± 7.2 66.1 ± 6.6 64.3 ± 7.7 0.38
SOC-13b comprehensibility subscore (range 5e35) 24.0 ± 3.5 24.3 ± 3.2 23.8 ± 3.8 0.74
SOC-13b manageability subscore (range 4e28) 20.2 ± 3.0 20.2 ± 2.7 20.2 ± 3.2 0.99
SOC-13b meaningfulness subscore (range 4e28) 20.8 ± 2.6 21.6 ± 2.3 20.2 ± 2.7 0.10
AAQ-IIc (range 10e70) 58.9 ± 6.4 59.7 ± 5.1 58.3 ± 7.2 0.65
Stress% work d 53.2 ± 10.6 52.7 ± 9.2 53.7 ± 11.6 0.76
Stress% d off 52.5 ± 12.8 50.1 ± 10.0 54.2 ± 14.5 0.28
Recovery% work d 25.2 ± 6.8 27.7 ± 6.1 23.3 ± 6.9 0.03
Recovery% d off 24.9 ± 9.7 29.4 ± 8.3 21.6 ± 9.4 0.004
Values are mean ± standard deviation unless otherwise stated.
MET ¼ metabolic equivalent.
a Includes leisure time, daily, and commuting physical activity.
b Sense of Coherence-13 scale.
c Acceptance and Action Questionnaire-II (psychological flexibility).
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95% CI 1.02e1.30) and with higher meaningfulness subscore
(OR 1.57; 95% CI 1.04e2.35). Results for the recovery% of
the workdays were very similar to those for the day off
(multivariate adjusted OR 1.14; 95% CI 0.98e1.32).
Discussion
Our present results showed that a strong sense of mean-
ingfulness, and a high recovery from work and other stressorsTable 2
Association of baseline characteristics with increases in total physical activity dur
Characteristic Unadjusted model
OR (95% CI)
SOC-13a total score 1.04 (0.96e1.12)
SOC-13a comprehensibility subscore 1.04 (0.88e1.22)
SOC-13a manageability subscore 1.00 (0.83e1.21)
SOC-13a meaningfulness subscore 1.26 (0.98e1.62)
AAQ-IIb 1.04 (0.95e1.14)
Stress% work d 0.99 (0.94e1.05)
Stress% d off 0.98 (0.93e1.02)
Recovery% work d 1.11 (1.01e1.23)
Recovery% d off 1.11 (1.03e1.21)
Weight 1.02 (0.97e1.07)
Body mass index 1.12 (0.88e1.42)
Waist circumference 1.00 (0.93e1.06)
Whole-body fat% 0.97 (0.90e1.04)
CI ¼ confidence interval; MET ¼ metabolic equivalent; OR ¼ odds ratio.
a Sense of Coherence-13 scale.
b Acceptance and Action Questionnaire-II (psychological flexibility).
c Adjusted for age and sex.
d Adjusted for age, sex, study group, prebaseline 3-month total physical activitysignificantly predicted an increase in total PA among physi-
cally inactive and overweight healthy young adults.
Stronger sense of meaningfulness (one of the three com-
ponents of SOC) was associated with a greater likelihood of
increasing total PA. This is in line with results of previous
cross-sectional studies showing that strong SOC is associated
with greater PA prevalence among healthy adults,12,13 and
higher PA volume among adult type 1 diabetics.14 A 13-year
follow-up study by Myers et al15 revealed an association be-
tween low SOC and decreased engagement in PA amonging the 6-month follow-up.
Model 1c
OR (95% CI)
Model 2d
OR (95% CI)
1.03 (0.95e1.12) 1.07 (0.97e1.18)
1.01 (0.85e1.20) 1.11 (0.89e1.37)
0.97 (0.79e1.19) 1.02 (0.79e1.31)
1.39 (1.03e1.88) 1.57 (1.04e2.35)
1.03 (0.93e1.13) 1.03 (0.92e1.14)
0.99 (0.94e1.05) 1.00 (0.94e1.06)
0.98 (0.93e1.03) 0.96 (0.90e1.03)
1.10 (0.99e1.22) 1.14 (0.98e1.32)
1.11 (1.02e1.20) 1.15 (1.02e1.30)
1.02 (0.96e1.08) 1.01 (0.92e1.12)
1.20 (0.92e1.56) 1.25 (0.92e1.69)
1.00 (0.93e1.08) 0.90 (0.77e1.06)
0.98 (0.87e1.11) 0.88 (0.74e1.05)
MET-index, and body mass index.
68 S. Mutikainen et al. / Journal of Exercise Science & Fitness 13 (2015) 63e71patients with myocardial infarction. Our present results sug-
gest that the meaningfulness component could be the most
important SOC component with regard to the ability to in-
crease PA among previously inactive and overweight in-
dividuals. Of the questions assessing the meaningfulness
component, “How often do you feel that you don't care what is
happening around you?” was the best predictor of increases in
PA, with those who often cared what was happening around
them being more likely to increase their PA. A strong sense of
meaningfulness may explain greater PA participation in many
ways. For example, the likelihood of regular PA participation
may increase, if the individual has a feeling that he/she has a
meaning for it (e.g., improvement in physical fitness, pre-
vention of chronic diseases) or he/she has a meaning for his/
her life in general. Meaningfulness has been regarded as “a
driving force for a life” and thus the most important factor
among the SOC components strengthening the other two
components (comprehensibility and manageability).40
Higher HR monitoring-based recovery% during a day off
also predicted an increase in total PA, i.e., the participants
who better recovered from work and other stressors were
more likely to increase their PA. We also performed these
analyses with combined recovery% from workdays and days
off (results not shown) and the results were similar to those
for only a day off with combined recovery% significantly
predicting increase in total PA. Previous studies among
working-aged adults report that perceived work stress41,42
and high job strain31 increased the likelihood for being
physically inactive. In addition to work stress, other kinds of
stress (such as major life events) reportedly predict less PA.30
In our study, high stress% was not associated with reduced
likelihood to increase PA, but the observation that a high
recovery% (which is associated with a smaller stress%)
significantly predicted increases in PA can be considered as a
reverse interpretation of a same phenomenon. Thus, our re-
sults showing that objectively measured recovery/absence of
stress was associated with an increase in PA resemble pre-
vious results showing association between perceived stress
and reduced PA.30,31,41,42
It is understandable that recovery would be a determinant
of increase in PA. While modern working life can predispose
an individual to acute/chronic stress, leisure time may also
include activities and duties (e.g., household work, taking care
of small children) that increase stress risk, especially among
young adults. If leisure time also includes many stress-
predisposing factors, inadequate time may be available for
complete recovery. In turn, incomplete recovery may lead to a
lack of the physical and/or psychological resources needed to
participate in physically demanding activities since extra effort
may be needed to perform adequately at work.43 Incomplete
recovery is also associated with other health-related factors,
such as increased risk of cardiovascular death.44
Higher psychological flexibility has previously been re-
ported to be associated with more active lifestyle,29 but no
such association was observed with PA in our study. The
AAQ-II questionnaire used in our study is a broad measurethat especially addresses emotions such as anxiety and
depression. If a specifically adapted AAQ to assess difficulties
in participation in regular PA had been available, it could have
been more suitable for measuring physically inactive and
overweight individuals' psychological flexibility than the
general AAQ. Previous studies of different health problems
have shown that the impact of psychological flexibility is
better assessed by modifying the general AAQ to target the
specific area being studied, such as type 2 diabetes manage-
ment45 or smoking.46
One strength of the present study is its prospective design.
Most previous studies addressing SOC and PA have been
cross-sectional, making it difficult to interpret the causal na-
ture of this association. Our study strengthens previous ob-
servations that strong SOC (especially its meaningfulness
component) may influence participation in PA. We also
measured stress and recovery objectively using HR/HRV-
based monitoring, providing new insights into the roles of
stress and recovery in participation in PA.
Our study also has some limitations. One is the small
sample size, which may have led to a lack of statistical power.
Additionally, the study groups were not given exactly the same
advice on how to increase PA. However, the proportion of
participants able to increase their total PA did not differ
significantly between the study groups. Moreover, we used the
study group information as a covariate in the statistical ana-
lyses; therefore, the differences in advice provided should not
have affected the results.
In conclusion, here we show that a strong sense of mean-
ingfulness and high recovery from work and other stressors are
significant predictors of increase in total PA among physically
inactive and overweight healthy young adults. Participants
with a low sense of meaningfulness and incomplete recovery
from stress may thus require support from other interventions
to be able to increase PA to the recommended level. Therefore,
the presence of these characteristics should be determined
before initiating exercise counselling or other strategies to
increase PA. Studies in larger sample sizes are needed to
confirm these results. It is also important to study the effects of
(intervention-induced) improvements in SOC and recovery on
increases in PA. Such interventions could help achieve more
persistent results in attempts to increase PA in previously
inactive individuals.
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Appendix Figure 1. Study design.
a Electronic Fitness Coach is a computer program (Firstbeat Technologies Ltd., Jyv€askyl€a, Finland), which gives physical
training advice (duration, intensity) based on the individual's personal background information (e.g., previous and actual physical
activity habits) and aims for physical activity (maintaining or improvement in fitness level).
b Participants were advised to consume 5 dL/day of the whey protein drink (Valio Ltd., Helsinki, Finland) that provides 40 g
protein daily.
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the study (n = 121) 
Invited to 
laboratory 
measurements 
(n = 71)
Attended laboratory 
measurements 
(n = 69)
Randomization 
[n = 66 (29 W, 37 M)] 
Ineligible for the study: 
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